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(54) Starting apparatus 

(57) A starting apparatus (1 ) includes a drive motor 
(80) and a reduction gear (10) having a planetary gear 
(12) for starting an engine by the drive motor (80) via 
the reduction gear (10). An internal gear (14, 64, 649) 
of the reduction gear (1 0) includes a locking projection 
(143, 643) projecting in an axial direction. A rotation re- 
stricting member (1 8, 68) is formed with a guide groove 



(181, 481, 683) in which the locking projection (143, 
643) is loosely received and guided in a circumferential 
direction. A shock absorbing member (15, 25, 35, 65) is 
held in the guide groove (181, 481, 683) in a state of 
being elastically in close contact with the locking projec- 
tion (143, 643) in the circumferential direction. Thus, 
shock load to the Internal gear (14, 64, 649) is alleviated 
from the start. 
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Description 

[0001] The present invention relates to a starting ap- 
paratus used to start an engine. More specifically, the 
present invention relates to a starting apparatus having 
a reduction gear with a planetary gear. 
[0002] An Internal combustion engine (hereinafter, 
simply referred to as "engine") needs to be driven by a 
starting apparatus (hereinafter, pertinently referred to as 
"starter") in starting the engine. As the starting appara- 
tus, there are a gear type starter, a belt type starter and 
the like all of which are common in that an electric motor 
constitutes a drive source. 

[0003] In starting the engine, comparatively large 
torque is required although depending on a kind and a 
displacement thereof. Therefore, when the engine is 
cranked directly by the motor, the physical configuration 
of the motor naturally becomes large. Hence, in a recent 
starting apparatus requesting light-weighted compact 
formation, high torque necessary for starting is achieved 
by interposing a reduction gear between the motor and 
the engine to thereby increase a speed reducing ratio. 
[0004] Although there are various reduction gears, a 
planetary gear-type reduction gear, which compactly 
achieves a large speed reducing ratio, Is frequently 
used. In the planetary-type reduction gear, a driving 
force inputted from the motor to a sun gear of the reduc- 
tion gear is outputted from a carrier supporting planetary 
gears with high torque. In this case, rotation of an inter- 
nal gear, which meshes with the planetary gears, In the 
circumferential direction is restricted to achieve a pre- 
determined speed reducing ratio. That is, a large reac- 
tion force (torque) produced in accordance with the out- 
put needs to be received by the internal gear. Therefore, 
rotation of the Internal gear in the circumferential direc- 
tion needs to be constrained. 
[0005] Meanwhile, according to the engine, torque 
necessary for rotation is rapidly varied by strokes of in- 
take, compression and the like and an engine rotation 
speed is also pulsated. The motor of the starter cannot 
well follow such a load variation or the like and therefore, 
impact load Is applied between the internal gear and a 
rotation restricting portion thereof. Further, the reaction 
force applied to the internal gear is not constant. As a 
result, unpleasant sound is likely to be caused in starting 
the engine due to vibration or the like of the internal gear 
by simply constraining the internal gear. 
[0006] When the internal gear is rigidly restricted 
here, it is required to reinforce the internal gear or the 
restricting portion to be able to withstand the shock load, 
which hampers light-weighted compact formation of the 
starter. Hence, in order to alleviate the shock load ap- 
plied to the internal gear and the like, a shock absorbing 
member including an elastic body made of such as rub- 
ber is provided between the internal gear and the rota- 
tion restricting portion. These are proposed in, for ex- 
ample, JP-Y2-2-31581, JP-Y2-2-31583. JP-B2-4- 
40549 (USP 4,561.316), and JP-A-5-52166 (USP 
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5.323.663). 

[0007] For example, according to JP-Y2-2-31581, 
JP-Y2-2-31588 and JP-B2-4-40549, the shock absorb- 
ing member is for example provided on an outer periph- 

5 eral side of an internal gear. However, an outer diameter 
of a reduction gear is increased thereby and compact 
formation of a starter is not achieved. 
[0008] According to JP-A-5-52166, a projection ex- 
tending from a side face of an internal gear in an axial 

10 direction is held by a shock absorbing member (elastic 
body) and therefore, in this case, a starter is not en- 
larged in an outer diameter direction. However, the pro- 
jection of the internal gear is not held elastically by the 
shock absorbing member from the start. Therefore. 

15 shock load is not necessarily alleviated sufficiently from 
start of operation thereof. Particularly, in the case in 
which the interna! gear and the like are made of synthet- 
ic resin in view of light-weighted and low coast formation 
or the like, when shock load is insufficiently alleviated, 

20 reliability of the internal gear and therefore, the starter 
can be lessened. 

[0009] Further, in JP-A-5-52166, a friction plate is 
separately pressed to a pivoting plate engaged with the 
internal gear and the internal gear is constricted by fric- 

25 tion force produced therebetween. Therefore, the struc- 
ture of the starting apparatus is complicated. 
[0010] Also, the shock absorbing member used in 
JP-A-5-521 66 is rubber in a shape of a rectangular par- 
allelepiped and an area thereof in contact with an Inner 

30 wall of a containing portion thereof is large. Therefore, 
compression operability of the shock absorbing member 
Is poor and the shock absorbing member is likely to eas- 
ily wear. 

[001 1 ] Further, the shock absorbing member only re- 
35 ceives reaction force in the circumferential direction of 
the internal gear. There is not a specific disclosure with 
regard to supporting the internal gear in an axial direc- 
tion. In addition, the internal gear is not provided with a 
detent and therefore, the internal gear continues rotat- 
40 ing little by little while the exerted reaction force is large. 
As a result, efficiency of transmitting driving force of the 
motor is likely to be lessened. 
[0012] The present invention has been carried out in 
view of such a situation and it is an object of the present 
45 invention to provide a starting apparatus capable of al- 
leviating shock load applied in accordance with a varia- 
tion in engine load from the start and achieving compact 
formation. 

[001 3] it is another object of the present invention to 
50 provide a starting apparatus capable of resolving un- 
pleasant sound in starting. 

[001 4] It is further another object of the present inven- 
tion to provide a comparatively simple and efficient start- 
ing apparatus with improvements of durability of a shock 
55 absori^ing member and reliability. 

[001 5] According an aspect of the present invention, 
a starting apparatus includes a drive motor and a reduc- 
tion gear. The reduction gear includes a sun gear rotated 
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by receiving an input from the drive motor, an internal 
gear arranged concentrically around the sun gear, a ro- 
tation restricting member for restricting free rotation of 
the internal gear, a shock absorbing member Interposed 
between the internal gear and the rotation restricting 
member. A carrier rotatably supports a planetary gear 
meshing with the sun gear and the internal gear and out- 
puts an input of the sun gear by reducing a speed there- 
of. A driving force from the drive motor Is transmitted to 
an engine via the reduction gear, thereby starting the 
engine. 

[001 6] The internal gear includes a locking projection 
projecting from a side face thereof along a rotation axis 
of the reduction gear. The locking projection is loosely 
received in a guide groove formed on the rotation re- 
stricting member, and guided therein in a circumferential 
direction. The shock absorbing member is held in the 
guide groove in a state of being elastically In close con- 
tact with circumferential side faces of the locking projec- 
tion. 

[0017] According to the starting apparatus, the lock- 
ing projection projects in the axial direction from the side 
face of the internal gear. Therefore, an outer diameter 
of the reduction gear is not enlarged. 
[0018] The locking projection can be moved in the 
guide groove of the rotation restricting member in a cer- 
tain range in accordance with a direction of reaction 
force or impact load applied to the interna! gear from the 
planetary gear. In this case, the locking projection is 
elastically supported by the shock absorbing member in 
the guide groove from both of the sides In the circum- 
ferential direction, irrespective of whether reaction force 
is applied to the Internal gear. Thus, the Internal gear is 
in a state of being elastically held from start of operating 
reaction force. Even when the reaction force or the 
shock load is released, also the other side face of the 
locking projection in the circumferential direction is elas- 
tically supported by the shock absorbing member. 
Therefore, it is less likely that rapid load will be operated 
to the internal gear. 

[0019] Accordingly, large shock load to the Internal 
gear Is suppressed. Reliability of the starter Is ensured 
even when the internal gear is made of synthetic resin. 
Further, by alleviating the shock load, unpleasant sound 
generated in starting the engine is also decreased. Al- 
though the shock absorbing member Includes a spring 
or the like, an elastic body comprising rubber or the like 
Is general therefore in consideration of cost, shock ab- 
sorbing function or the like. 

[0020] According to another aspect of the present in- 
vention, a starting apparatus includes a drive motor and 
a reduction gear. The drive motor starts to rotate an en- 
gine via the reduction gear. The reduction gear Includes 
a sun gear rotated by receiving an input from the drive 
motor, an intemal gear arranged concentrically with the 
sun gear on an outer peripheral side of the sun gear, a 
planetary gear meshing with the sun gear and the inter- 
nal gear, a carrier rotatably supporting the planetary 



gear and outputting an input of the sun gear by reducing 
a speed thereof. The reduction gear further Includes a 
rotation constraining unit for constraining rotation of the 
Internal gear arranged movable in a circumferential di- 
5 rection. 

[0021] The rotation constraining unit includes a mov- 
able locking portion integrated movable with the internal 
gear in the circumferential direction, an unmovable lock- 
ing portion arranged in a state opposing to the movable 

10 locking portion in the circumferential direction and un- 
movable in the circumferential direction, and a shock ab- 
sorbing member including an elastic block portion. The 
elastic block portion is elastically held at least between 
the movable locking portion and the unmovable locking 

15 portion. The elastic block portion elastically receives a 
reaction force applied to the Internal gear when the drive 
motor starts to rotate the engine via the reduction gear. 
[0022] According to the starting apparatus, the inter- 
nal gear is restricted from rotating at least in one direc- 

20 tion by the rotation constraining unit including the mov- 
able locking portion, the unmovable locking portion and 
the shock absorbing member. 
[0023] In starting the engine, the internal gear re- 
ceives a reaction force in a direction opposite to an out- 

25 put of the carrier. The reaction force is received by the 
unmovable locking portion from the movable locking 
portion Integrally moved with the internal gear via the 
elastic block portion of the shock absorbing member. 
Thus, the internal gear is restricted from rotating in the 

30 direction of the reaction force. 

[0024] The reaction force Is gradually elastically re- 
ceived by the unmovable locking portion. Therefore, it 
Is less likely that shock load will be applied to respective 
portions and unpleasant sound will be caused by direct 

35 contact of locking members. Further, the shock absorb- 
ing member also works as a vibration Isolating member 
and therefore, can absorb vibration and sound generat- 
ed at the reduction gear or a surrounding thereof. In this 
way, the reduction gear can reduce vibration, unpleas- 

40 ant sound generated in operating the starting apparatus 
although the reduction gear is provided with a compar- 
atively simple structure. 

[0025] Other objects, features and advantages of the 
present invention will become more apparent from the 
45 following detailed description made with reference to the 
accompanying drawings. In which like parts are desig- 
nated by like reference numbers and In which: 

Fig. 1 is a general view of a starting apparatus ac- 
50 cording to the first embodiment of the present in- 
vention; 

Fig. 2 is an exploded perspective view of an essen- 
tial portion of a reduction gear of the starting appa- 
ratus according to the first embodiment of the 
55 present Invention; 

Fig. 3 Is a graph showing a relationship between a 
rotational displacement of an Internal gear in the re- 
duction gear and shock absorbing function by a 
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shock absorbing member according to the first em- 
bodiment of the present invention; 
Fig. 4 is an exploded perspective view of an essen- 
tial portion of the reduction gear according to the 
second embodiment of the present invention; 
Fig. 5 is an enlarged perspective view of a shock 
absorbing member according to the third embodi- 
ment of the present invention; 
Fig. 6 is an exploded perspective view of an essen- 
tial portion of the reduction gear according to the 
fourth embodiment of the present invention; 
Fig. 7 is a general view of a starting apparatus 
showing an essential portion according to the fifth 
embodiment of the present invention; 
Fig. 8 is an enlarged perspective view of a cylindri- 
cal resin member of a reduction gear according to 
the fifth embodiment of the present invention; 
Fig. 9 is an enlarged perspective view of a shock 
absorbing memt)erof the reduction gear according 
to the fifth embodiment of the present invention; 
Fig. 1 0 is an enlarged perspective view of a contain- 
ing case of the reduction gear according to the fifth 
embodiment of the present invention; 
Fig. 11 is an exploded perspective view for explain- 
ing arrangement of the cylindrical resin member, the 
shock absorbing member and the containing case, 
according to the fifth embodiment of the present in- 
vention; 

Fig. 12 is a perspective view for explaining arrange- 
ment of the shock absorbing member and the cylin- 
drical resin member, according to the fifth embodi- 
ment of the present invention; and 
Figs. 13A and 13B are planarly developing views 
showing operation of the cylindrical resin member, 
the shock absorbing member and the containing 
case, in which Fig. 13A shows a state before oper- 
ation of the starting apparatus and Fig. 13B shows 
a state during the operation of the starting appara- 
tus. 

[0026] The first embodiment of the present Invention 
will be described hereinafter with reference to Figs. 1 
through 3. 

[0027] Fig. 1 shows a gear-type starter (hereinafter, 
simply referred to as a starter) 1 . The starter 1 mainly 
includes a reduction gear 10, a motor 80 and a magnet 
switch 90. Although not illustrated in details, an output 
of the motor 80 is transmitted to an output shaft that is 
formed with a helical spline on Its outer peripheral face 
via the reduction gear 10. 

[0028] An overrunning clutch (one way clutch) and a 
pinion gear are arranged on the helical spline. (See, Fig. 
7) In starting, the overrunning clutch and the pinion gear 
are pushed in an axially fonn/ard direction (to a left side 
of Fig. 1 ) by lever operation of the magnet switch 90. 
Further, the pinion gear Is temporarily brought in mesh 
with a ring gear attached to a crankshaft of the engine 
to thereby crank the engine. When the engine has been 



started, the pinion gear of the starter 1 Is idly rotated by 
the overrunning clutch to thereby prevent excessive ro- 
tation of the motor 80. 

[0029] The reduction gear 1 0 has a sun gear 1 1 , three 
5 planetary gears 12, a carrier 13. an Internal gear 14, a 
shock absorbing member 15, and a gear housing (rota- 
tion restricting member) 18. The sun gear 11 is formed 
on or spline-fitted to a motor main shaft 81 1 that extends 
from a rotor 81 of the motor 80. The three planetary 
gears 1 2 are arranged at a surrounding of the sun gear 
11 . The planetary gears 12 mesh with the sun gear 11 . 
The carrier 13 rotatably and revolvably supports the 
planetary gears 12 via a roller bearing 122 and a pin 
1 23. The internal gear 1 4 is arranged on outer peripheral 
sides of the planetary gears 1 2. The internal gear 1 4 has 
internal teeth and meshes with the planetary gears 12. 
The gear housing 18 covers the outer periphery and an 
axially front end (left side of Fig. 1) of the Internal gear 
14. The shock absorbing member 15 is interposed be- 
tween the Intemal gear 14 and the gear housing 18. 
[0030] The gear housing 1 8 is fixed to a motor housing 
88 that surrounds the motor 80 at an axially front end of 
the motor housing 88. A cover plate 19 is provided be- 
tween the gear housing 18 and the motor housing 88 to 
partition therebetween. The cover plate 19 is In contact 
with a rear end face of the internal gear 14 to thereby 
also restrict the internal gear 14 in the axial direction. 
Further, the Internal gear 14 Is made of thermosetting 
resin. 

[0031] Next, an explanation will be given of the Inter- 
nal gear 14, the shock absorbing member 15 and the 
gear housing 18 which are characteristic portions of the 
embodiment with reference to Fig. 2. 
[0032] TTie internal gear 14 has four locking projec- 
tions 143. The locking projections 143 projects from an 
axial front surface of the internal gear 14 at a slightly 
inner peripheral side. The locking projections 143 are 
arranged at equal Intervals in a circumferential direction 
of the internal gear 14. Inner and outer peripheral faces 
of the locking projection 143 include circular arc faces. 
Circumferential faces of the locking projection 143 lie 
substantially perpendicular to the circumference of the 
gear. 

[0033] The shock absorbing member 15 is a ring- 
shaped rubber member. The shock absorbing member 
15 includes locking recessed portions 156 at an axial 
rear end face and fixed recessed portions 1 55 at an axial 
front end face. Rubber blocks (elastic blocks) disposed 
on both sides of the locking recessed portion 156 con- 
stitute a first elastic block portion 1 51 and a second elas- 
tic block portion 1 52. A portion connecting the first elas- 
tic block portion 1 51 and the second elastic block portion 
1 52 on a side opposite to the fixed recessed portion 1 55 
constitutes a bridging portion 1 53. Further, a small sem- 
isphertcal elastic projection 154 protrudes from a center 
of a bottom face of the locking recessed portion 156 in 
an axially rear direction. Further, the shock absorbing 
member 1 5 is made of oil resistant rubber (for example, 
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NBR) that is not easily deteriorated even when grease 
or the like Is adhered thereto. The shock absorbing 
member 1 5 is formed by integral molding of rubber. 
[0034] The gear housing 1 8 is a substantially cylindri- 
cal member and provided with a through hole 183 to 
support an output shaft of the carrier 13 via a sleeve 
bearing 132 (Fig. 1) at a center thereof. Guide grooves 
181 having bottomed circular arc shapes are arranged 
in a ring-like shape at equal intervals in the circumfer- 
ential direction to surround an outer periphery of the 
through hole 183. Further, the guide grooves 181 are 
partitioned with ribs 185 extending in a radial direction. 
[0035] The respective members are integrated as fol- 
lows. First, the shock absorbing member 15 is press- 
fitted to the guide grooves 181 of the gear housing 18. 
At this time, the first elastic block portion 151 and the 
second elastic block portion 1 52 opposing each other 
by interposing the locking recessed portion 156 are fit- 
ted in the same guide groove 181. 
[0036] Further, the fixed recessed portion 1 55 is fitted 
to the rib 185 of the gear housing 18. In this condition, 
there is no clearance or play between the gear housing 
18 and the shock absorbing member 15 in the circum- 
ferential direction. Further, the locking projection 143 of 
the intemal gear 14 is press-fitted to the locking re- 
cessed portion 1 56 of the shock absorbing member 1 5. 
[0037] Therefore, circumferential faces of the first 
elastic block portion 151 and the second elastic block 
portion 152 that are opposed through the locking re- 
cessed portion 156 are in a state of being elastically in 
close contact with the circumferential faces of the lock- 
ing projection 143. That is, the locking projection 143 is 
in a state of being previously pressed by the first elastic 
block portion 151 and the second elastic block portion 
152. 

[0038] Accordingly, the shock absorbing member 15 
absorbs shock load applied to the internal gear 1 4 grad- 
ually from start of displacement thereof in the circumfer- 
ential direction. The behavior is shown in Fig. 3 by a 
solid line X. Fig. 3 conceptually shows a relationship be- 
tween rotational displacement of the internal gear and 
shock absorbing function of the shock absorbing mem- 
ber. A dotted line Y shows a case in which a shock ab- 
sorbing member is not in close contact with the locking 
projection and a clearance (5) is present between the 
shock absorbing member and a wall face of a guide 
groove as in the prior art. In the case of the dotted line 
Y, shock load is absorbed after an internal gear is dis- 
placed by an amount of the clearance. Further, the ab- 
sorption is considerably rapid by an amount of retarding 
to absorb shock load. Therefore, it is known that accord- 
ing to the conventional shock absorbing structure, ab- 
sorption and reduction of the shock load applied to the 
internal gear are insufficient. 
[0039] According to the embodiment, the locking pro- 
jection 1 43 extending from the front face of the internal 
gear 1 4 in the axial direction and therefore, the reduction 
gear 10 is not enlarged in the outer diameter direction. 
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[0040] Also, the locking projections 143 can move in 
the guide grooves 181 of the rotation restricting member 
18 in a certain range in accordance with a direction of 
reaction force or impact load applied to the internal gear 

5 1 4 from the planetary gears 1 2. The locking projections 
143 are elastically supported at the circumferential fac- 
es by the shock absorbing member 15, which is held in 
the guide grooves 181, in the circumferential direction, 
Irrespective of whether reaction force is applied to the 

10 Interna! gear 14. That is, the internal gear 14 Is elasti- 
cally held from start of operating reaction force. 
[0041] Further, even when the reaction force or the 
shock load is released, the circumferential faces of the 
locking projections 143 are elastically supported by the 

IS shock absorbing member 15. Therefore, it is less likely 
that the load will be rapidly applied to the internal gear 
14. In this way, the internal gear 14 is restrained from 
large shock load more than that of the prior art. The in- 
ternal gear 14 is firmly protected. As a result, reliability 

20 of the starter 1 is ensured even when the internal gear 
14 is made of synthetic resin. Further, by the alleviation 
of the shock load, unpleasant sound generated in start- 
ing the engine is decreased. 

[0042] Meanwhile, although the shock absorbing 
25 member 1 5 includes a spring or the tike, an elastic body 
including rubber or the like is general therefore in con- 
sideration of cost, shock absorbing function or the like. 
[0043] Although an explanation has been given of 
shock absorbing operation when force is applied to the 
30 internal gear 14 in the circumferential direction, in con- 
sideration of various vibrations applied to the internal 
gear 14, integration tolerance and the like, it is prefera- 
ble that the internal gear 1 4 is elastically held also in the 
axial direction. Here, the shock absorbing member 15 
35 has the semlspherical elastic projections 1 54 projecting 
in the axial direction. Therefore, the axial end faces of 
the locking projections 143 are elastically held by the 
elastic projections 154. 

[0044] Next, the second embodiment will be de- 
40 scribed with reference to Fig. 4. 

[0045] In the second embodiment, a shock absorbing 
member 25 has a shape different from the shape of the 
shock absorbing member 15 of the first embodiment. 
Shock load applied to the internal gear 14 is absorbed 
45 by four independent shock absorbing members 25 each 
having the same shape. 

[0046] Each of the shock absorbing member 25 in- 
cludes a first elastic block portion 251 , a second elastic 
block portion 252 and a bridging portion 253 for bridging 
50 the first elastic portion 251 and the second elastic por- 
tion 252. An elastic projection 254 is formed on the 
bridging portion 253 to elastically contact with an axially 
front end face of the internal gear 1 4. The shock absorb- 
ing member 25 is formed by integral molding of rubber. 
55 [0047] The shock absorbing member 25 is fixed to the 
gear housing 18 such that a fixed recessed portion 255 
formed between the first elastic block portion 251 and 
the second elastic block portion 252, that is, on a front 
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side of the bridging portion 253 is press-fitted to the rib 
185 partitioning the guide grooves 181, Therefore, the 
first elastic block portion 251 and the second elastic 
block portion 252 of one of the block absorbing mem- 
bers 25 are respectively held in contiguous ones of the 
guide grooves 181. Further, the locking projection 143 
of the internal gear 14 is press-fitted between the first 
elastic block portion 251 of one shock absorbing mem- 
ber 25 and the second elastic block portion 252 of the 
different shock absorbing member 25. 
[0048] Reaction force or shock load applied to the in- 
ternal gear 14 is received and absorbed mainly by the 
first elastic block portion 251 having a larger rubber vol- 
ume. At this time, a circumferential face of the first etas- 
tic block portion 251 on a side of the bridging portion 
253 Is supported by the rib 1 85, that is, supported by an 
Inner wall of the guide groove 181. 
[0049] Therefore, even when the first elastic block 
portion 251 Is considerably contracted, the bridging por- 
tion 253 is hardly effected by that contraction. That is, 
different from the case of the shock absorbing member 
15, the bridging portion 253 is not stretched by the con- 
traction of the first elastic block portion 251 . Accordingly, 
the elastic projection 254 stably presses the front end 
face of the internal gear 14 in the axial direction. 
[0050] In the second embodiment, the first and the 
second elastic block portions 251 , 252 are filled in the 
guide grooves 181. Therefore, the locking projections 
1 43 are held in a state of being elastically in contact with 
the shock absorbing member 25. 
[0051 ] In a case that there are a plurality of partitioned 
guide grooves, a large number of steps are required for 
fitting the elastic members piece by piece. Also, a 
number of parts Is increased. However, the plurality of 
guide grooves 181 is arranged at equal intervals in the 
circumferential direction. Also, the shock absorbing 
member 25 is formed such that the first elastic block por- 
tion 251 and the second elastic block portion 252, which 
are respectively fitted in contiguous guide grooves 181 , 
are connected by the bridging portion 253 to span the 
one guide groove 181. Accordingly, the number of parts 
is reduced. Further, the firstelastic block portion 251 and 
the second elastic block portion 252 can be fitted in the 
guide grooves 181 In one motion. 
[0052] Further, the elastic projection 254 is provided 
at the bridging portion 253 to elastically contact with the 
front end face of the internal gear 14. Since the shock 
absorbing members 25 are separate in the circumferen- 
tial direction, Influence by the contraction of the first 
elastic block portion 251 or the second elastic block por- 
tion 252 is hardly effected on the bridging portion 253 
due to restriction by the inner wall of the guide groove 
181 . That is, the elastic projection 254 is not moved In 
the circumferential direction by being dragged by con- 
traction of the elastic block portions 251 , 252. Thus, the 
elastic projection 254 can stably urge the internal gear 
14 in the axial direction. Accordingly, uneven wear or 
the like of the internal gear 14 can be effectively re- 
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strained. Thus, reliability of the starter 1 increases. 
[0053] Next, the third embodiment will be described 
with reference to Fig. 5. In the third embodiment, the 
shock absorbing member 35 Includes a first elastic block 

5 portion 351 , a second elastic block portion 352 and a 
bridging portion 353, similar to the shock absorbing 
member 25 of the second embodiment. However, the 
first elastic block portion 351 is significantly different 
from the first elastic block portion 251 of the shock ab- 

10 sorbing member 25 In that a central portion of the first 
elastic block portion 351 is slenderiy constricted. That 
is, the first elastic block portion 351 includes end por- 
tions 351a and 351b and a constricted portion 351c. 
[0054] The end portions 351a is a portion being In 

15 contact with the circumferential face of the locking pro- 
jection 143 of the internal gear 14. Further, the end por- 
tions 351a and 351b are fitted in the guide groove 181 
In a state that the inner and outer peripheral walls of the 
end portions 351 a, 351 b are loosely in contact with inner 

20 walls of the guide groove 1 81 . That is, the end portions 
351 a, 351 b are held in the guide groove 1 81 in a loosely 
press-fitted state. Meanwhile, the constricted portion 
351c is not in contact with either of inner walls of the 
guide groove 181 and an air gap is formed therebe- 

25 tween. 

[0055] Further, when reaction force or impact load is 
operated to the internal gear 1 4 and the first elastic block 
portion 351 is pressed, the constricted portion 351c that 
has small deformation resistance (low rigidity) mainly 

30 starts contracting and expanding In the outer peripheral 
direction. At this time, since the air gap is present be- 
tween the constricted portion 351c and the inner wall of 
the guide groove 181, considerable deformation func- 
tion Is manifested by the constricted portion 351c. Thus, 

35 the shock absorbing member 35 provided shock ab- 
sorbing function larger than that of the shock absorbing 
member 25. 

[0056] Further, Fig. 5 shows a case in which width of 
the bridging portion 353 is expanded In the radial direc- 
40 tion more than the bridging portion 253 of the shock ab- 
sorbing member 25. 

[0057] When the guide groove 181 is excessively 
filled with the elastic block, deformation resistance of the 
elastic block portion 351 is rapidly Increased and block 

45 absorbing function by the elastic block portion 251 is re- 
duced. Hence, in order to ensure the deformation resist- 
ance of the elastic block portion 351 in a certain range, 
a volume of the elastic block portion 351 is increased 
when deformed may be devised to escape. 

50 [0058] In the third embodiment, the central portion 
351c of the first elastic block portion 351 is narrower 
than the end portions 351a, 351b. Thus, the first elastic 
block portion 351 is contractable in the circumferential 
direction. Further, the clearance is formed between the 

55 first elastic block portion 351 and the walls of the guide 
groove 1 81 . Therefore, the first elastic block portion 351 
can be stably deformed by an amount of the clearance. 
[0059] Further, the end portions 351 a, 351 b of the first 
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elastic block portion 351 , which are elastically in contact 
with the end face of the locking projection 143, are con- 
versely thickened and therefore, the first elastic block 
portion 351 can firmly receive reaction force or shock 
load applied to the internal gear 14. It is preferable that 
the circumferential end face of the end portion 351 a and 
the circumferential end face of the locking projection 1 43 
which are in contact with each other, have the same 
size. 

[0060] Next, the fourth embodiment will be described 
with reference to Fig. 5. By devising the shape of the 
first elastic block portion 351, the deformation resist- 
ance is restrained to be low to provide the shock absorb- 
ing member 35 excellent In shock absorbing function. 
However, there is a limit therein, for example, when 
shock load larger than anticipated is abruptly operated, 
the first elastic block portion 351 is expanded in an outer 
diameter direction in accordance with contraction in the 
circumferential direction and also the outer peripheral 
face of the constricted portion 351 c is brought into close 
contact with the inner wall of the guide groove 181. 
Then, abruptly, the deformation resistance of the first 
elastic block portion 351 increases. As a result, shock 
absorbing performance by the shock absorbing member 
35 decreases. 

[0061] Hence, in order to ensure the shock absorbing 
function by the shock absorbing member even when 
shock load or the like larger than anticipated is applied, 
it is preferable to make a volume of the guide groove 
181 variable. Fig. 6 shows such a structure. 
[0062] In the fourth embodiment, the internal gear 1 4 
and the shock absorbing member 25 are similar to those 
of the second embodiment. Although the shock absorb- 
ing member 25 is illustrated in Fig. 6, the shock absorb- 
ing memt>er 1 5 may be used in place thereof, further, 
when the shock absorbing member 35 is used, more ex- 
cellent shock absorbing function is achieved. 
[0063] The fourth embodiment is characterized in a 
structure of a gear housing 4. The gear housing 4 in- 
cludes a circular disc 48, a Belleville spring 47, and a 
case 46. The circular disk 48 is formed with guide 
grooves 481 penetrated In a circular arc shape uniformly 
at four locations. The betleville spring 47 is arranged on 
an axlally front side of the circular disk 48. The case 46 
has a bottomed cylindrical shape. The case 46 sur- 
rounds the circular disk 48 and the belleville spring 47 
and has a through hole 463 at a center thereof. 
[0064] When the respective members are arranged 
as shown by Fig. 6 and integrated, the belleville spring 
47 forms a bottom portion of the guide grooves 481. 
When load is applied in the axial direction, the belleville 
spring 47 is flexed in a direction of the load to expand a 
volume of the guide groove 481 . 
[0065] Specifically, when the first elastic block portion 
251 of the shock absorbing member 25 Is pressed by 
the locking projection 143 of the internal gear 14 to con- 
tract in the circumferential direction, the first elastic 
block portion 251 is expanded to an outer side, thereby 



pressing the belleville spring 47. 
[0066] When the pressing force exceeds predeter- 
mined toad, the betleville spring 47 is flexed and the vol- 
ume of the guide groove 481 is expanded. As a result, 
5 the first elastic block portion 251 contracted in the cir- 
cumferential direction is produced with an allowance of 
further expanding to the other side. 
[0067] In this way, stable shock absorbing function by 
the shock absorbing member 25 is ensured without rap- 
10 idly increasing the deformation resistance of the first 
elastic block portion 251 . Further, a clearance for bend- 
ing the belleville spring 47 is naturally ensured between 
the betleville spring 47 and a bottom portion of the case 
46. A wave washer or the like may substitute for the bel- 
15 tevitte spring 47. Further, although not illustrated in the 
drawings, a stopper is provided between an outer pe- 
ripheral side of the Internal gear 1 4 and the gear housing 
4, 18. Thereby, an allowed revolution amount of the in- 
ternal gear 10 is finally restricted. 
20 [0068] In this way, the volume of the guide grooves 
481 can be changed in accordance with contraction of 
the first elastic block portion 251 without devising the 
shape of the first elastic block portion 251 . Naturally, the 
volume of the guide grooves 481 can be changed also 
25 by making an inner wall thereof movable other than the 
bottom portion. However, in order to change the volume 
of the guide groove 481 without increasing an outer di- 
ameter of the reduction gear, a request for compact for- 
mation of the starter is complied with, further, the change 
30 of the volume of the guide groove 481 can be realized 
by a comparatively simple mechanism by making the 
bottom portion movable in the axial direction. 
[0069] Accordingly, not only the starting apparatus 1 
is compact but also shock bad or the like applied to the 
35 internal gear 14 of the reduction gear 10 is more fimily 
absorbed and reliability of the internal gear 1 4 and there- 
fore, the starting apparatus 1 can be promoted. 
[0070] Next, the fifth embodiment wilt be described 
with reference to Figs. 7 through 13B. 
^ [0071] As shown In Fig. 7, the internal gear 649 is 
formed on an inner cylindrical wall of a cylindrical resin 
member 64. The cylindrical resin member 64 meshes 
with the planetary gears 12 through the internal gear 
649. A containing case 1 8 (case) is provided on the front 
45 side (left side of Fig. 7) of the cylindrical resin member 
64, in place of the gear housing 4, 1 8. A shock absorbing 
member 65 is interposed between the cylindrical resin 
member 64 and the containing case 68. 
[0072] The cover plate 19 is provided at a rear end 
50 face of the cylindrical resin member 64, similar to the 
first embodiment. Thus, the cover plates 19 closes a 
front portion of the motor housing 88 of the motor 80 and 
restricting the cylindrical resin member 64 from moving 
backward in the axial direction. 
55 [0073] The cylindrical resin member 64, the shock ab- 
sorbing member 65 and the containing case 68 are in- 
cluded in a rotation constraining unit which is character- 
izing portion of the fifth embodiment. 
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[0074] As shown in Fig. 8, the cylindrical resin mem- 
ber 64 has substantially a cylindrical shape having a 
ring-shaped bottom face. The cylindrical resin member 

64 is integrally molded by thermoplastic resin. Also the 
internal gear 649 Is integrally molded on the inner cylin- 
drical wall of the cylindrical portion disposed on the rear 
side (right side of Fig. 8) of the cylindrical resin member 
64. 

[0075] The ring shape bottom face of the cylindrical 
resin member 64 is disposed on a front side of the cy- 
lindrical resin member 64. The bottom face is provided 
with three pairs of movable locking projections 641 and 
movable contact projections 642 projecting in the axially 
fOHA/ard direction. The movable locldng projections 641 
and the movable contact projections 642 are radially 
and uniformly arranged. A wall thickness of the movable 
contact projection 642 is thicker than a wall thickness of 
the movable locking projection 641 to be able to stabiy 
receive large reaction force. 

[0076] Further, the cylindrical resin member 64 is pro- 
vided with an inner ring-like projection 645 and an outer 
ring-like projection 646 projecting slightly to the front 
side from an inner peripheral edge and an outer periph- 
eral edge of the bottom face. Further, main movable re- 
cessed portions 643 and sub movable recessed por- 
tions 644, which are slightly recessed, are alternately 
formed by the inner ring-like projection 645, the outer 
ring-like projection 646, the movable locking projections 
641, and the movable contact projections 642. 
[0077] Further, a ratio of lengths in the circumferential 
direction of the main movable recessed portion 643 and 
the sub movable recessed portion 644 can be easily ad- 
justed at where the movable locking projection 641 is 
arranged between the contiguous movable contact pro- 
jections 642. 

[0078] As shown in Fig. 9, the shock absorbing mem- 
ber 65 includes a main elastic block portion 651. a sub 
elastic block portion 652 and a bridging portion 653 
bridging the main elastic block portion 651 and the sub 
elastic block portion 652. The shock absorbing member 

65 is integrally molded by an oil resistant synthetic resin 
(NBR or the like). Here, the oil resistant synthetic resin 
is used such that the rubber is not deteriorated even 
when grease used for reducing abrasive resistance is 
adhered to the rubber, the function of the shock absorb- 
ing member 65 is maintained for a long period of time. 
[0079] The main elastic block portion 651 is in the 
form of a fan-shaped block and a surrounding of sub- 
stantially a central portion thereof is constricted, that is, 
is narrow. Further, semispherical elastic projections 654 
are provided at an outer peripheral end of the main elas- 
tic block portion 651 on both axial front and rear faces 
to make contact with the containing case 68. 

[0080] Although the sub elastic block portion 652 is in 
the form of a fan-shaped block, its circumferential length 
is considerably shorter than that of the main elastic block 
portion 651 . In this embodiment, the ratio of circumfer- 
ential lengths of the main elastic block portion 651 and 
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the sub elastic block portion 652 Is set to about 5:1 . The 
bridging portion 653 connects ends of the main elastic 
block portion 651 and the sub elastic block portion 652 
in a strip-like shape. 

5 [0081] As shown in Fig. 10, the containing case 68 
has substantially a circular disk shape. The containing 
case 68 is formed by pertinently machining an aluminum 
alloy cast product. Although a front side (left side of Fig. 
10) of the containing case 68 is formed substantially in 

10 a shape of a planar plate, a rear side (right side) thereof 
is provided with three pairs of unmovable locking pro- 
jections 681 and unmovable contact projections 682 
projected to a rear side in the axial direction. The un- 
movable locking projections 681 and unmovable con- 

15 tact projections 682 are radially and uniformly arranged. 
A wall thickness of the unmovable contact projection 
682 is thicker than a wall thickness of the unmovable 
locking projection 681 to be able to stably receive large 
reaction force. 

20 [0082] Further, the containing case 68 is provided with 
an inner ring-like projection 685 and an outer ring-like 
projection 686 projecting to the rear side from an inner 
peripheral side and an outer peripheral side on the rear 
side of the containing case 68. Further, main unmovable 

25 recessed portions 683 and sub unmovable recessed 
portions 684, which are recessed, are alternately 
formed by the inner ring-like projection 685, the outer 
ring-iike projection 686, the unmovable locking projec- 
tions 681 , and the unmovable contact projections 682. 

30 [0083] Further, a ratio of circumferential lengths of the 
main unmovable recessed portion 683 and the sub un- 
movable recessed portion 684 can be easily adjusted 
by to which portion the unmovable locking projection 
681 is arranged between the contiguous unmovable 

35 contact projections 682. 

[0084] The containing case 68 is provided with a lock- 
ing piece 689 on an outer peripheral edge thereof. Al- 
though not illustrated, the locking piece 689 is engaged 
with a housing of the starter 1 to constrain such that the 
containing case 68 is not rotated in the circumferential 
direction. 

[0085] Next, an explanation will be given of integration 
of the cylindrical resin member 64, the shock absorbing 
member 65 and the containing case 68 with reference 

45 to Figs. 11 and 12. Fig. 11 shows a disassembled ar- 
rangement view of the three members and Fig. 12 
shows a state of integrating the shock absorbing mem- 
ber 65 to the cylindrical resin member 64. 
[0088] Although Fig. 1 2 shows the state of integrating 

50 the shock absorbing member 65 to the cylindrical resin 
member 64 for convenience of explanation, actually, af- 
ter integrating the shock absorbing member 65 to the 
containing case 68, the cylindrical resin member 64 is 
integrated thereto. An explanation will be given as fol- 

55 lows in view thereof. 

[0087] First, the shock absorbing member 65 is inte- 
grated to the containing case 68. At this time, the shock 
absorbing member 65 is integrated to the containing 
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case 68 such that the shock absorbing member 65 is 
fitted between the unmovable locking projection 681 
and the unmovable contact projection 682 of the con- 
taining case 68. 

[0088] Further, the shock absorbing member 65 is in- 
tegrated to the cylindrical resin member 64 such that the 
movable locking projection 641 formed at the cylindrical 
resin member 64 is pushed in between the main elastic 
block portion 651 and the sub elastic block portion 652 
of the shock absorbing member 65. 
[0089] Thereby, the main elastic block portion 651 
and the sub elastic block portion 652 are in a state of 
elastlcally holding the movable locking projection 641 
therebetween. This integration of the shock absorbing 
member 65 and the cylindrical resin member 64 Is per- 
formed at three locations along the circumferential di- 
rection. 

[0090] Thus, the unmovable locking projection 681 is 
in a state of being substantially interposed between the 
movable contact projection 642 of the cylindrical resin 
member 64 and the main elastic block portion 651 of the 
shock absorbing member 65. Meanwhile, the unmova- 
ble contact projection 682 is in a state of elastically in- 
terposing the sub elastic block portion 652 of the shock 
absorbing member 65 between the unmovable contact 
projection 682 and the movable locking projection 641 
of the cylindrical resin member 64. 
[0091] Further, the Inner ring-like projection 645 and 
the outer ring-like projection 646 of the cylindrical resin 
member 64 and the inner ring-like projection 685 and 
the outer ring-like projection 686 of the containing case 
68 are formed to respectively correspond to each other. 
A substantially hermetically sealed inner space is 
formed between the cylindrical resin member 64 and the 
containing case 68. Three shock absorbing members 
65 are contained in the inner space. 
[0092] In this condition, the cylindrical resin member 
64 Is in a state of being elastically supported in the axial 
direction (thrust direction) relative to the containing case 
68 by the elastic projections 654 provided on both face 
sides of the end portions of the main elastic block por- 
tions 651 of the shock absorbing member 65. The elastic 
projection 654 has the semispherical shape and makes 
point contact with the wall face. 
[0093] Therefore, pivoting of the cylindrical resin 
member 64 relative to the containing case 68 is hardly 
hampered, and wear or deterioration of the elastic pro- 
jection 654 is inconsiderable. Further, since the cylindri- 
cal resin member 64 is supported by the shock absorb- 
ing members 65 at the three locations uniformly dis- 
posed in the circumferential direction, the cylindrical res- 
in member 64 is maintained stably. Therefore, transmis- 
sion loss of the driving force of the internal gear 649 
caused by an inclination or the like thereof, wear or the 
like thereof can be sufficiently restrained and reduced. 
[0094] Next, operation of the cylindrical resin member 
64, the shock absorbing member 65 and the containing 
case 68 before and after starting the engine by the start- 



er 1 will be described with reference to Figs. 13A and 
13B. Figs. 13A and 13B are views respectively devel- 
oping planarly behaviors before and after operating the 
starter 1 . 

5 [0095] As is apparent also from Fig. 1 3A, before start- 
ing the starter 1 , the shock absorbing member 65 is fitted 
in a space (main unmovable recessed portion 683) 
formed by the unmovable locking projection 681 and the 
unmovable contact projection 682 of the containing 
case 68 and the movable locking projection 641 of the 
cylindrical resin member 64. Further, the movable con- 
tact projection 642 of the cylindrical resin member 64 is 
loosely located In a space (sub unmovable recessed 
portion 684) between the unmovable locking projection 
681 and another one of the unmovable contact projec- 
tion 682 contiguous thereto. 

[0096] Further, before operating the starter 1, the 
shock absorbing member 65 is not substantially com- 
pressed except a pre-compression amount in attaching 
the shock absorbing member 65. Also, the movable con- 
tact projection 642 is disposed at a position separated 
from the unmovable contact projection 682, that is, ad- 
jacent to the unmovable locking projection 681. 
[0097] Meanwhile, when the starter 1 starts operation, 
the cylindrical resin member 64 receives the reaction 
force from the internal gear 649 in a direction denoted 
by an arrow A1 in Fig. 13B. By the reaction force, the 
movable locking projection 641 compresses the main 
elastic block portion 651 of the shock absorbing member 
65 in the direction A1 of the reaction force. 
[0098] In this embodiment, before starting the starter 
1 , the movable locking projection 641 and the main elas- 
tic block portion 651 are held in a state of being elasti- 
cally in close contact with each other. Therefore, the re- 
action force applied to the cylindrical resin member 64 
is gradually absorbed from the start by the main elastic 
block portion 651 via the movable locking projection 
641 . Accordingly, it is less likely that shock load or the 
like will be applied rapidly thereto. 
[0099] Further, when the main elastic block portion 
651 is compressed, the main unmovable recessed por- 
tion 683 achieves a function of a guide groove and the 
shock absorbing member 65 and the movable locking 
projection 641 are respectively guided thereby. Further, 
the sub unmovable recessed portion 684 achieves a 
function of a guide groove and the movable contact pro- 
jection 642 is guided thereby. 
[0100] When the reaction force is further increased 
and a compressed amount of the main elastic block por- 
tion 651 by the movable locking projection 641 reaches 
a vicinity of a limit (for example, compressed amount of 
30 %), the movable contact projection 642 rotated inte- 
grally with the movable locking projection 641 is brought 
into contact with the unmovable contact projection 682 
of the fixed containing case 68 as in the state shown in 
Fig. 13B. 

[0101] Then, thereafter, the cylindrical resin portion 
64 cannot be rotated in the direction A1 of the reaction 
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force. Thus, the compressed amount of the main elastic 
block portion 651 is restricted from exceeding the limit 
compressed amount (maximum compressed amount) 
by the movable locking projection 641 . 
[0102] Further, when the reaction force applied to the 
cylindrical resin member 64 is released after starting the 
engine, the shock absorbing member 65 and the cylin- 
drical resin member 64 return from the state shown in 
Fig. 1 3B to the state shown in Fig. 1 3A. At this time, the 
movable locking projection 641 is reversely moved, that 
is, returned toward another unmovable contact projec- 
tion 182 (to a bottom side of Figs. 13A and 13B). How- 
ever, inherently, the operated force is weak and the sub 
elastic block portion 152 is present between the mova- 
ble locking projection 641 and the unmovable contact 
projection 1 82. Therefore, shock load or the like is hardly 
applied to respective portions at this time. Accordingly, 
it is less likely that unpleasant sound or the like will occur 
at the surrounding. 

[0103] In the starter 1, the cylindrical resin member 
64 of the reduction gear 10 is restricted from rotating at 
least in one direction by the rotation restricting means 
Including the movable locking portion 641 , the unmov- 
able locking portion 681 , and the shock absorbing mem- 
ber 65. 

[0104] Further, the shock absorbing member 65 
serves as vibration isolating member and therefore, can 
absorb vibration or sound generated at the reduction 
gear 1 0 or a surrounding thereof. In this way, the reduc- 
tion gear 10 of the invention can sufficiently reduce vi- 
bration, unpleasant sound or the like generated in oper- 
ating the starting apparatus although the reduction gear 
1 0 is provided with a comparatively simple structure. 
[0105] Meanwhile, the shock absorbing member 65 
has an elastic projected portion 654 projecting from at 
least one side of the main elastic block portion 651 in 
the axial direction. The elastic projected portion 654 
elastically holds the internal gear in the axial direction. 
That is, the elastic projected portion 654 serves as a 
thrust bearing of the cylindrical resin member 64. Fur- 
ther, vibration, deflection or the like of the internal gear 
10 is restrained and therefore, a stable output at re- 
duced speed is provided without bringing about wear or 
the like of the internal gear 649. 
[0106] Further, the elastic projected portion 654 is 
projected from the axial end face of the main elastic 
block portion 651 and therefore, an area thereof in con- 
tact with a sliding wall disposed on the side in the axial 
direction of the shock absorbing member 65 is very 
small. Therefore, as compared with the case in which 
an axial side face of the elastic block portion is totally 
brought into slide contact with a wall face or the like of 
a case containing the elastic block portion, movement 
of the main elastic block portion 651 in compressing op- 
eration becomes very smooth. In addition thereto, since 
the elastic projected portion 654 is mainly slide contact 
with the sliding wall face or the like. Therefore, wear or 
deterioration of the first elastic block portion 651 and the 



like is reduced. Accordingly, reliability of the shock ab- 
sorbing member 65 can be increased. 
[0107] In consideration of various vibrations applied 
to the internal gear 649, integration tolerance and the 
5 like, It is preferable that the cylindrical resin member 64 
is elastically held also in the axial direction. The shock 
absorbing member 65 has the elastic projected portions 
654 projecting in the axial direction. Further, the elastic 
projected portions 654 are on the side of the unmovable 
locking projections 681 . Therefore, the elastic projected 
portions 654 are not dragged when the movable locking 
portions 641 slide. Accordingly, the elastic projected 
portions 654 achieve stable holding function. 
[0108] Further, since the elastic projected portions 
654 have semispherical shapes and make point contact 
with an abrasive face, abrasion resistance is reduced. 
Therefore, the cylindrical resin member 64 is smoothly 
moved. Further, since the sliding area is small, wear and 
damage of the shock absorbing member 65 Is de- 
creased. 

[01 09] Further, by providing the elastic projected por- 
tions 654 on the first elastic block portion 651 , rigidity of 
the first elastic block portion 651 at a vicinity thereof in- 
creases. With this, unexpected deformation of the elas- 
tic block portion 651, which is compressed in operating 
the starter 1, can be restrained and therefore, reliability 
of the shock absorbing member 65 is further increased. 
[0110] Further, the rotation constraining unit includes 
the movable contact portion 642 and the unmovable 
contact portion 682. The movable contact portion 642 is 
arranged at a predetermined interval from the movable 
locking portion 641 and integrally pivoted with the mov- 
able locking portion 641 . The unmovable contact portion 
682 extends in the axial direction to be opposed to the 
movable contact portion 642, faces the movable contact 
portion 642 in the circumferential direction. The unmov- 
able contact portion 682 is arranged in a state of being 
unmovable in the circumferential direction. 
[0111] Thus, a compressed amount of the elastic 
block portion 651 by the movable locking portion 641 
and the unmovable locking portion 681 can be restricted 
by bringing the movable contact portion 642 and the un- 
movable contact portion 682 into contact with each oth- 
er. 

[01 12] In this structure, even when the large reaction 

force is applied to the internal gear 649, rotation of the 
cylindrical resin member 64 is restricted to a range until 
bringing the movable contact portion 642 into contact 
with the unmovable contact portion 682. Therefore, also 
a compressed amount of the elastic block portion 651 
by the movable locking portion 641 and the unmovable 
locking portion 681 is restricted within a predetermined 
range. Thereby, destruction, damage, early fatigue or 
the like of the shock absorbing member 65 by an exces- 
sively large compressed amount can be decreased be- 
forehand. Thus, reliability of the shock absorbing mem- 
ber 65 and therefore, reliability of the starter 1 is in- 
creased. 
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[0113] Further, even when large reaction force is ap- 
plied to the internal gear 649, the movable contact por- 
tion 642 and the unmovable contact portion 682 are op- 
erated as a detent. Therefore, rotation of the internal 
gear 64 is restricted. Accordingly, an input from the drive 
motor 80 is efficiently speed reduced and outputted from 
the carrier 13. 

[01 1 4] Since the movable locking portion 641 and the 
unmovable locking portion 681 are elastically held by 
the elastic block portion 651 , load is elastically and grad- 
ually applied to the movable locking portion 641 from 
the start of operation of the starter 1 . Further, also when 
the elastic block portion 651 returns after starting the 
engine, force is gradually exerted to the movable locking 
portion 641 . 

[01 15] Here, a state in which the elastic block portion 
651 is elastically held between the movable locking por- 
tion 641 and the unmovable locking portion 681 is 
achieved by integrating the shock absorbing member 65 
between the movable locking portion 641 and the un- 
movable locking portion 681 in a state that the shock 
absorbing member 65 is slightly compressed. In this 
way, the highly reliable and highly efficient starter 1 re- 
straining unpleasant sound or the like is provided. 
[0116] Further, the compressed amount (maximum 
compressed amount) allowed to the elastic block portion 
651 can be easily set to change by adjusting an interval 
between the movable contact portion 642 and the un- 
movable contact portion 682. Thus, the reduction gear 
10 has flexibility in designing. 
[0117] As the shock absorbing member 65, a spring, 
synthetic resin, synthetic rubber or the like can be used. 
The elastic rubber block including synthetic rubber as in 
the embodiment has a degree of freedom of the shape. 
Thus, the elastic rubber is preferable in view of function, 
reliability, cost, Integration performance or the like. Par- 
ticularly, when the elastic block portion Includes synthet- 
ic rubber, it is preferable that the movable contact por- 
tion 642 and the unmovable contact portion 682 are ar- 
ranged such that a maximum compression rate thereof 
falls in a range of 10 % through 30%. 
[0118] A general allowable maximum compression 
rate of synthetic resin is normally set to be around 20% 
in consideration of durability thereof. In the case that the 
elastic block portion is used in a short period of time in 
starting the engine, even if the compression rate ex- 
ceeds 20%, the reliability may not be deteriorated for a 
long period of time. However, when the compression 
rate exceeds 30%, the elastic block portion may be de- 
structed or damaged. 

[0119] Hence, in the embodiment, the compression 
rate is confined in 30%. Further, an upper limit of the 
compression rate can be easily restricted by the mova- 
ble contact portion 642 and the unmovable contact por- 
tion 682. A lower limit of the compression rate is set to 
10% for effectively utilizing elasticity of the elastic block 
portion. 

[0120] An explanation has mainly been given of the 



20 

case of compressing the main elastic block portion 651 
by the movable locking portion 641. However, a direc- 
tion of force applied to the movable locking portion 641 
is changed before and after starting the engine. There- 
5 fore, the movable locking portion 641 and therefore, the 
internal gear 64 can be rotated in a direction opposite 
to the direction of the reaction force. 
[0121] Here, the shock absorbing member 65 in- 
cludes the main elastic block portion 651 and the sub 
elastic block portion 652 elastically held between the 
movable locking portion 641 and the unmovable contact 
portion 682 and the bridging portion 653 connecting the 
main elastic block portion 651 and the sub elastic block 
portion 652 to span the movable locking portion 641 . Al- 
so, the ratio of the circumferential length of the main 
elastic block portion 651 as compared with that of the 
sub elastic block portion 652 is in a range of 4 through 6. 
[0122] Thereby, the movable locking portion 641 is 
elastically held by the sub elastic block portion 652 even 
on the side opposite to the main elastic block portion 
651. As a result, the movable locking portion 641 and 
therefore, the internal cylindrical resin member 649 are 
held in a state of being elastically held in both rotational 
directions thereof. Therefore, the movable locking por- 
tion 641 is in a state of being held further stably. Accord- 
ingly, unpleasant sound and vibrations reduce in the re- 
duction gear 1 0. Further, since the main elastic block 
portion 651 and the sub elastic block portion 652 are 
connected by the bridging portion 653. Therefore, the 
shock absorbing member 65 is easily integrated. Fur- 
ther, it facilitates part control. 

[0123] Here, the ratio of the circumferential length of 
the main elastic block portion 651 with respect to that of 
the sub elastic block portion 652 is made in the range 
of 4 through 6 t)ecause the force applied in a direction 
of compressing the main elastic block portion 651 , that 
is, reaction force in starting, is larger than the force ap- 
plied in a direction of compressing the sub elastic block 
portion 652, that is, the force opposite to reaction force. 
[0124] In a case that the ratio of the circumferential 
length is less than 4, it is difficult to ensure durability of 
the main elastic block portion 651 . Further, in a case that 
the ratio of the circumferential length exceeds 6, it is dif- 
ficult to achieve compact formation. Here, the ratio of 
the circumferential length may be compared by lengths 
of center circle arcs of the main elastic block portion 651 
and the sub elastic block portion 652. 
[0125] The substantially center portion in the circum- 
ferential direction of the elastic block portion (main elas- 
tic block portion) 651 is constricted narrower than the 
end portion thereof. Therefore, the main elastic block 
portion 651 is compressible in the circumferential direc- 
tion. Also, a deformation resistance is reduced at least 
at the constricted central portion. When the main elastic 
block portion 651 is compressed, the constricted portbn 
is expanded to the surrounding. 
[0126] Because a change of shape accompanied by 
the compression is brought about the constricted por- 
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tlon, elasticity of the elastic block portion is effectively 
utilized. Thus, the shock absorbing member 65 provides 
large shock absorbing function. Further, the main elastic 
block portion 651 is not constricted at an end portion 
thereof. Therefore, the main elastic block portion 651 is 5 
stably held at the end portions thereof by the movable 
locking portion 641 and the unmovable locking portion 
681. 

[0127] In the embodiment, a mode, a number or the 
like of the shock absorbing member 65 is not particularly io 
limited. However, in order to achieve compact formation 
of the starter 1 and stable operation of the internal gear 
649, it is preferable to arrange the shock absorbing 
members 65 respectively uniformly at three locations or 
more in the circumferential direction. Hence, it is prefer- is 
able that three pairs or more of the movable locking por- 
tions 641 and the movable contact portions 642 and the 
unmovable locking portions 681 and the unmovable 
contact portions 682 are respectively arranged uniform- 
ly in the circumferential direction. Similarly, it Is prefera- 20 
ble that three or more pairs of the movable contact por- 
tions 642 and the unmovable contact portions 682 are 
arranged uniformly in the circumferential direction. 
[01 28] Thereby, inclination or deviation of the Internal 
gear 64 in starting can be restrained and the smooth 25 
operation of the starting apparatus is ensured. Further, 
also reaction force in starting can be received by a plu- 
rality of the elastic block portions 651. Therefore, the 
shock absorbing member 65 can be downsized and sta- 
ble shock absorbing function can be achieved. so 
[0129] The movable locking portion 641 and the mov- 
able contact portion 642 are integrally molded in the cy- 
lindrical resin member 64 having the bottom. Also, the 
internal gear 649 is formed in the inner cylindrical wall 
of the resin member 649. By integrating those members, 35 
part control or integration is facilitated. Further, even 
when the cylindrical resin member 64 has a complicated 
shape, it can be comparatively easily be provided at low 
cost by integral molding of resin. 
[01 30] Further, shock due to the reaction force applied 40 
to the internal gear 649 and the movable locking portion 
641 can be sufficiently absorbed by the shock absorbing 
member 65. Therefore, even when the members are in- 
tegrally molded by resin, the members are not destruct- 
ed or damaged and are excellent in wear resistance and 45 
highly reliable. 

[01 31 ] Although the movable locking portions 641 and 
the movable contact portions 642 are rotated integrally 
with an internal gear 649, it is not always necessary that 
those members are integrated. For example, there may so 
be established a locking relationship in which the mov- 
able locking portion 641 and the movable contact por- 
tion 642 of the internal gear are constituted by separate 
members and the both members are integrally rotated. 
[0132] In this way, the starter 1 receives the reaction ss 
force, which is caused in operating the starter 1 , by the 
shock absorbing member 65 while alleviating the reac- 
tion force. Further, the starter 1 reduces damage or the 
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like of the shock absorbing member 65 and is still and 
highly reliable. Further, sufficient reliability is ensured 
even when the intemal gear 649 made of resin is used. 
[0133] In this description, "unmovable" state referring 
to the unmovable locking portion or the unmovable con- 
tact portion signifies that the portion is not substantially 
pivoted. It is not used against play or vibrations. Further, 
the starter 1 is not limited to the gear type starter but 
may be other type of starter. Further, "circumferential di- 
rection" and "axial direction* are defined relative to a ro- 
tation center axis of the reduction gear 10. 
[0134] The present invention should not be limited to 
the disclosed embodiments, but may be implemented in 
other ways without departing from the spirit of the inven- 
tion. 



Claims 

1 . A starting apparatus (1 ) for starting an engine com- 
prising: 

a drive motor (80); and 

a reduction gear (10) including: 

a sun gear (11) disposed to rotate by re- 
ceiving an Input from the drive motor (80); 
an internal gear (14, 64) arranged concen- 
trically with the sun gear (1 1 ) and surround- 
ing an outer penphery of the sun gear (1 1 ); 
a planetary gear (12) meshing with the sun 
gear (11) and the internal gear (14, 64); 
a carrier (1 3) rotatably supporting the plan- 
etary gear (12) and outputting the input of 
the sun gear (11) by reducing a speed 
thereof; 

a rotation restricting member (4, 1 8, 68) to 
restrict free rotation of the intemal gear (14, 
64); and 

a shock absorbing member (1 5, 25, 35, 65) 
interposed between the internal gear (14, 
64) and the rotation restricting member (4, 
1 8, 68) to alleviate a shock applied to the 
internal gear (14, 64); 

wherein the Internal gear (14, 64) includes a 
locking projection (143, 641) projecting from a side 
face of the internal gear (1 4, 64) in an axial direction 
of the reduction gear (10), and the rotation restrict- 
ing member (4. 18, 68) is formed with a guide 
groove (181, 481, 683) for guiding the locking pro- 
jection (143, 641) in a circumferential direction, 

wherein the locking projection (143, 641) of 
the internal gear (14, 64) is loosely received in the 
guide groove (1 81 , 481 , 683) of the rotation restrict- 
ing member (4, 18, 68), and the shock absorbing 
member (15, 25, 35, 65) is held in the guide groove 
(1 81 , 481 , 683) in a state of being elastically in close 
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claims 1 to 7, wherein the locking projection (143, 
643) has two circumferential faces, and the shock 
absorbing member (15. 25. 35. 65) is elastically in 
contact with both the circumferential faces. 

5 

9. A starting apparatus (1 ) for starting an engine com- 
prising: 

a drive motor (80); and 
^0 a reduction gear (10) including: 

a sun gear (11) disposed to rotate by re- 
ceiving an Input from the drive motor (80); 
an internal gear (64, 649) arranged con- 

15 centrlcally around the sun gear (11) and 

movable in a circumferential direction; 
a planetary gear (12) meshing with the sun 
gear (11) and the intemal gear (64, 649); 
a carrier (1 3) rotatably supporting the plan- 

20 etary gear (12) and outputting an input of 

the sun gear (11) by reducing a speed 
thereof; and 

a rotation constraining unit to constrain 
movement of the internal gear (64, 649), 
25 wherein the rotation constraining unit In- 

cludes: 

a movable locking portion (641 ) inte- 
grated with the internal gear (64) to 

30 move with the internal gear (64) In the 

circumferential direction; 
an unmovable locking portion (681) 
held In a state unmovable in the cir- 
cumferential direction and opposed to 

35 the movable locking portion (641) in 

the circumferential direction; and 
a shock absorbing member (65) in- 
cluding a main elastic block portion 
(651) that is elastically held between 

40 the movable locking portion (641 ) and 

the unmovable locking portion (681 ) to 
receive a reaction force applied to the 
internal gear (64, 649) when the drive 
motor (80) starts to rotate the engine 

45 via the reduction gear (1 0). 

10. The starting apparatus (1) according to claim 9, 

wherein the shock absorbing member (65) in- 
cludes an elastic projected portion (654) projecting 
50 from the main elastic block portion (651 ) In an axial 
direction to elastically hold the internal gear (64. 
649) in the axial direction. 



contact with the locking projection (143, 641) in the 
circumferential direction. 

2. The starting apparatus (1 ) according to claim 1 , 

wherein the shock absorbing member (35, 65) 
Includes an elastic block (351 , 651 ) and a substan- 
tially central portion in the circumferential direction 
of the elastic block (351 , 651 ) Is constricted narrow- 
er than an end portion (351a, 351b) thereof. 

3. The starting apparatus (1 ) according to claim 1 or 2, 

wherein the shock absorbing member (1 5, 25, 
35) includes an elastic block; and 

wherein the guide groove (481 ) of the rotation 
restricting member (4) has a bottom portion (47) 
that is movable in the axial direction in accordance 
with contraction of the elastic block. 

4. The starting apparatus (1 ) according to any one of 
claims 1 to 3, 

wherein the shock absorbing member (1 5, 25, 
35, 65) includes an elastic projection (152, 254, 
654) projecting in the axial direction, and the elastic 
projection (152, 254, 654) is elastically in contact 
with the internal gear (14, 64) in the axial direction. 

5. The starting apparatus (1 ) according to claim 4, 

wherein the elastic projection (254) is elasti- 
cally in contact with an axial end face of the locking 
projection (143) of the internal gear (14). 

6. The starting apparatus (1 ) according to any one of 
claims 1 to 5, 

wherein the rotation restricting member (4, 
1 8) includes a plurality of guide grooves (1 81 , 481 ) 
arranged uniformly In the circumferential direction, 
and 

wherein the shock absorbing member (25, 35) 
Includes a plurality of elastic blocks, each having a 
first elastic block portion (251 , 351 ), a second etas- 
tic block portion (252, 352) and a bridge portion 
(253, 353) connecting the first elastic block portion 
(251, 351) and the second elastic block portion 
(252. 352), wherein the elastic block is arranged 
such that the first elastic block portion (251 , 351 ) Is 
held in one of the guide grooves (1 81 , 481 ) and the 
second elastic block portion (252, 352) is held in an 
adjacent guide groove (181, 481). 

7. The starting apparatus (1 ) according to claim 6, 

wherein the bridging portion (253, 353) in- 
cludes an elastic projection (254) projecting in the 
axial direction, 

wherein the elastic projection (254) is elasti- 
cally in contact with the intemal gear (1 4) in the axial 
direction. 

8. The starting apparatus (1 ) according to any one of 



11. The starting apparatus (1) according to claim 10, 
55 wherein the elastic projected portion (654) is 

provided on a side of the unmovable locking portion 
(681) of the main elastic block portion (651). 
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12. The starting apparatus (1) according to any one of 
claims 9 to 11, 

wherein the rotation constraining unit further 
includes: 

a movable contact portion (652) arranged at a 
predetermined interval from the movable lock- 
ing portion (651) and integrally movable with 
the movable locking portion (651); and 
an unmovable contact portion (682) held in a 
state unmovable in the circumferential direc- 
tion, the unmovable contact portion (682) ex- 
tending in the axial direction opposite to the 
movable contact portion (642) and opposing 
the movable contact portion (642) in the circum- 
ferential direction; 

wherein a compressing amount of the main 
elastic block portion (651) by the movable locking 
portion (641) and the unmovable locking portion 
(681) is restricted by bringing the movable contact 
portion (642) Into contact with the unmovable con- 
tact portion (682). 

13. The starting apparatus (1) according to claim 12, 

wherein the main elastic block portion (65) in- 
cludes a synthetic rubber, and 

wherein the movable contact portion (642) 
and the unmovable contact portion (682) are ar- 
ranged at positions such that a maximum compres- 
sion rate of the main elastic block portion (651) is 
in a range of ten percent through thirty percent. 

14. The starting apparatus (1) according to claim 12 or 
13. 

wherein the shock absorbing member (65) 
further includes a sub elastic block portion (652) 
that Is held between the movable locking portion 
(641) and the unmovable contact portion (682) and 
a bridging portion (653) that connects the main elas- 
tic block portion (651 ) and the sub elastic block por- 
tion (652) to span the movable locking portion (641 ). 

15. The starting apparatus (1) according to claim 14, 

wherein a ratio of a circumferential length of 
the main elastic block portion (651) with respect to 
a circumferential length of the sub elastic block por- 
tion (652) is in a range of four through six. 

16. The starting apparatus (1) according to any one of 
claims 9 to 15, 

wherein a substantially central portion of the 
main elastic block portion (651 ) In the circumferen- 
tial direction is constricted narrower than an end 
portion thereof. 

17. The starting apparatus (1) according to any one of 
claims 9 to 16, 



wherein the rotation constraining unit includes 
more than three pairs of the movable locking portion 
(641) and the unmovable locking portion (681), 

wherein the pairs of the movable locking por- 
5 tlon (641 ) and the unmovable locking portion (681 ) 
are arranged uniformly in the circumferential direc- 
tion. 

18. The starting apparatus (1) according to any one of 
10 claims 12 to 17, 

wherein the rotation constraining unit includes 
more than three pairs of the movable contact por- 
tion (642) and the unmovable contact portion (682), 
wherein the pairs of the movable contact por- 
1$ tlon (642) and unmovable contact portion (682) are 
arranged unlfomnly in the circumferential direction. 

19. The starting apparatus (1) according to any one of 
claims 12 to 18, 

wherein the intemal gear (649), the movable 
locking portion (641) and the movable contact por- 
tion (642) are Included in a resin member (64) that 
Is Integrally molded by resin into substantially a cy- 
lindrical shape having a bottom, 

wherein the intemal gear (649) includes inner 
teeth formed on an inner cylindrical face of the resin 
member (64) and the movable locking portion (641 ) 
and the movable contact portion (642) respectively 
projecting from an outer bottom face of the resin 
member (64) in the axial direction. 

20. The starting apparatus (1) according to claim 19. 
wherein the unmovable locking portion (681) 

and the unmovable contact portion (682) are includ- 
ed In a case (68) arranged to oppose the outer bot- 
tom face of the resin member (64) and its rotation 
is restricted, 

wherein the case (68) has substantially a cy- 
lindrical shape having a bottom, the unmovable 
locking portion (681) and the unmovable contact 
portion (682) project from a bottom face of the case 
(68) in the axial direction toward the outer bottom 
face of the resin member (64), and the shock ab- 
sorbing member (65) Is contained in a recessed 
portion (683) provided inside of a cylindrical portion 
of the case (68). 
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